INTRODUCTION
There is evidence from studies in a number of species that urea movement across the renal tubule can proceed against a concentration gradient (1-4). While this suggests carrier-mediated transport, efforts to demonstrate a saturable urea carrier in the dogfish (5) and toad bladder (6) We have recently shown that the movement of urea, other amides, thiourea, and formaldehyde across the toad bladder is sharply inhibited by phloretin in the luminal bathing medium, while the movement of water, sodium, ethanol, and ethylene glycol is unaffected (7) . This finding has strengthened the case for carrier-mediated transport across the luminal cell membrane. We now wish to report studies showing that in the presence of high concentrations of unlabeled acetamide, the movement of isotopic urea and acetamide across the toad bladder is significantly depressed, providing direct evidence for a saturable, vasopressin-sensitive carrier for urea and acetamide.
METHODS
The permeability coefficients (Ktrans) ' Table I ). Fig. 1 shows the data of Fig. 2 . In the absence of vasopressin, there was a small rise, then a fall, in short-circuit current in the acetamide-treated bladder half. The increment in shortcircuit current after vasopressin was identical in the control and acetamide-treated halves.
DISCUSSION
It has been known for some time that the effect of vasopressin on the movement of nonelectrolytes across the toad bladder is a selective one, and that factors other than molecular size or lipid solubility are involved in the hormone effect (6, 8) . Coupled with this observation is the evidence that in the dog (3), the protein-depleted sheep and rat (1, 2) , and in the elasmobranch (4), renal urea reabsorption appears to proceed against a concentration gradient. Thus, the selectivity of solute movement and the apparent "uphill" transport of urea suggest that carrier-mediated movement may be involved. However, attempts to obtain direct evidence for a carrier by demonstrating saturation kinetics for urea transport were unsuccessful. Kempton was unable to show saturation for urea reabsorption by the dogfish kidney at plasma urea concentrations as high as 750 mM (5); Leaf and Hays (6) concluded that competition between 0.1 M unlabeled urea and isotopic urea, and between 0.1 to 0.6 M acetamide and labeled dimethyl formamide or nicotinamide, could not be demonstrated in the toad bladder. 2 The present experiments were carried out at concentrations of unlabeled acetamide from 25 to 150 mM bathing both sides of the bladder. Under these conditions, permeability to [ 'H]water, ["C]propionamide, and ethanol was unchanged, in both the presence and absence of vasopressin, and the response of short-circuit current to vasopressin was maintained. Osmotic water flow after vasopressin was unimpaired. In addition, there was no significant difference in the ohmic resistance of the acetamide-treated and control bladders in the split chambers, after the addition of either acetamide or vasopressin. There was a small increase in outward water movement in the acetamide-treated sacs in the absence of an osmotic gradient when compared to their paired controls:
'It is of interest that a depression of Ktrans nicotinamide was apparent at the lower concentrations of unlabeled acetamide in these experiments, but was not consistently observed at 0.6 M acetamide, a level which may have interfered with the integrity of the bladder. We noted in the present experiments that at 200 mM acetamide, potential across the bladder was not consistently maintained.
at 125 mM acetanmide, net water flow was 1.8 compared to 1.3 'l/sac/min in the control (A = 0.5±0.1 lVsac/ min; P <0.01); at 150 mM acetamide, net water flow was 2.3 compared to 1.3 1/Asac/min in the control (A = 1.0±0.2; P < 0.001). The small increase in net waterflow, however, was in the outward direction and would not have depressed Ktrans urea or acetamide. Thus, with respect to its permeability to sodium, water, and many nonelectrolytes, the bladder functioned normally in the TIME (min) FIGURE 2 Short-circuit current in test bladders (closed circles) and control bladders (open circles), determined in divided chamber; four paired experiments. Vertical bars: ±1 SEM. presence of acetamide. In this setting, the depression of isotopic urea and acetamide transport by unlabeled acetamide would appear to be the result of a specific competition between the labeled and unlabeled species for carrier sites. Depression of isotopic acetanmide movement was seen at 125 and 150 mM unlabeled acetamide; a smaller depression was probably present at lower acetamide concentrations, but was undetectable by our present method. The absence of an acetamide effect on Kt,..s ethanol and water is consistent with our earlier observation that the permeability of these two molecules is not reduced by phloretin (7) and that they presumably move across the cell membrane via one or more different pathways.
The [10] ). This has the advantage for the toad of permitting urea reabsorption across the bladder to proceed at a maximal rate during the process of water reabsorption. If urea reabsorption were slowed by saturation of the carrier, its concentration in the bladder would rise more sharply, and decrease water reabsorption by approximately 20% (10) . An analogous situation may be present in the dogfish renal tubule, where urea reabsorption apparently proceeds at a linear rate over plasma levels up to 750 mM (5) . If a carrier is involved in this system, it may saturate at urea levels so high as to avoid any interference with reabsorption of the urea needed to maintain osmotic equilibrium in this species. While it is premature to describe urea movement across the renal tubule as carrier-mediated in all species, it is of some interest to ask whether differences in the urea permeability of various segments of the nephron reflect the number of carrier sites, and the urea levels at which they are saturated.
